
Diabetes mellitus and venous thromboembolism: A systematic 
review and meta-analysis

Elizabeth J. Bell, Ph.D., M.P.H.a, Aaron R. Folsom, M.D., M.P.H.a, Pamela L. Lutsey, Ph.D., 
M.P.H.a, Elizabeth Selvin, Ph.D., M.P.H.b, Neil A. Zakai, M.D., M.Sc.c, Mary Cushman, M.D., 
M.Sc.c, and Alvaro Alonso, M.D., Ph.D.a

aDivision of Epidemiology & Community Health, University of Minnesota

bDivision of Epidemiology, Johns Hopkins Bloomberg School of Public Health, University of 
Vermont

cDepartment of Medicine, Division of Hematology/Oncology, University of Vermont

Abstract

Diabetes mellitus (DM) may be a risk factor for venous thromboembolism (VTE) but results are 

inconsistent.

Aim—We conducted a systematic review and meta-analysis of epidemiologic studies to quantify 

the association between DM and VTE.

Methods and results—We included studies identified in PubMed, Web of Science, and 

CINAHL through 07/31/2014. We identified 19 studies that met our selection criteria. We pooled 

RRs using a random-effects model: the pooled RR for the association of DM with VTE was 1.10 

(95% CI: 0.94–1.29). Between-study heterogeneity was explored with a forest plot, funnel plot, 

meta-regression, and a stratified analysis. Between-study heterogeneity was observed and not 

explained by study design, method of DM assessment, or degree of adjustment for confounding. 

Sensitivity analyses omitted one study at a time to assess the influence of any single study on the 

pooled estimate. These analyses indicated that one large study was highly influential; when this 

study was excluded, the pooled estimate increased and just reached statistical significance: 1.16 

(95% CI: 1.01–1.34)].

Corresponding author: Elizabeth J. Bell, Address: University of Minnesota, Division of Epidemiology & Community Health, 1300 S. 
Second Street, Suite 300, Minneapolis, MN 55454-1015, Fax: 612-624-0315, Phone: 612-624-1818, ebell@umn.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Duality of Interest
No potential conflicts of interest relevant to this article were reported.

Author Contributions
E.J.B. formulated the research questions, conducted the search and analyses, and wrote the manuscript. A.R.F. formulated the research 
questions and reviewed/edited the manuscript. P.L.L., E.S., and M.C. reviewed/edited the manuscript. N.A.Z. conducted analyses and 
reviewed/edited the manuscript. A.A. provided guidance and reviewed/edited the manuscript. E.J.B. is the guarantor of this work and, 
as such, had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data 
analysis.

HHS Public Access
Author manuscript
Diabetes Res Clin Pract. Author manuscript; available in PMC 2017 January 01.

Published in final edited form as:
Diabetes Res Clin Pract. 2016 January ; 111: 10–18. doi:10.1016/j.diabres.2015.10.019.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—This meta-analysis suggests either no association or a modest positive one 

between DM and VTE in the general population. DM is unlikely to play a major role in VTE 

development.
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1.1 Introduction

Diabetes mellitus (DM) has been proposed as a risk factor for venous thromboembolism 

(VTE). However, reported associations of DM with VTE are inconsistent, and many 

estimates from previous studies have not accounted for the potential confounding effect of 

obesity. Two previous systematic reviews each estimated a 1.4-fold increased risk of VTE 

for persons with DM compared to persons without[1,2]. However, neither analysis 

adequately accounted for potential confounders of the DM-VTE association, making it 

difficult to know whether the observed increased risk in VTE is due to other VTE risk 

factors associated with DM. Further, some research studies, both published[3–7] and 

unpublished, were not included in either review. Thus, we undertook this systematic review 

and meta-analysis to update the current state of the literature and rigorously quantify the 

association between DM (type 1 or 2) and VTE [deep vein thrombosis (DVT) or pulmonary 

embolism (PE)]. We hypothesized that DM would be positively associated with VTE before 

and after adjustment for potential confounding variables, including obesity.

1.2 Methods

We followed the Meta-analysis of Observational Studies in Epidemiology Guidelines[8] 

throughout this review.

1.2.1 Data Sources and Searches

Investigator E.J.B. consulted with a biomedical librarian to develop the search strategy. 

E.J.B. searched PubMed, Web of Science, and CINAHL databases. The database search 

included both keywords and headings, explosion searching, and truncated words related to 

diabetes mellitus, venous thromboembolism, pulmonary embolism, and deep vein 

thrombosis. The search cutoff date was July 31, 2014. No language restrictions were 

applied. We queried experts to identify additional studies, including unpublished material. 

We did not include grey literature. We manually searched reference lists of review articles 

and eligible articles to identify additional eligible studies.

1.2.2 Study Selection

Studies were included in this review if they 1) were case-control or cohort design and 2) 

reported an effect estimate between DM (any definition - including self-report, glucose 

measurement, or medical records) and VTE (defined as DVT and/or PE) in humans or 

provided enough information to calculate an effect estimate and its standard error. Studies 

were excluded if 1) they had no original data; 2) DVTs were outside of the leg (PE not 

excluded), because risk factors can differ depending on where the DVT occurs; 3) VTEs 
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were solely recurrent, because risk factors can be different for a recurrent versus first-time 

VTE; or 4) the entire study population was affected by a specific medical condition (e.g. 

cancer) or a procedure, because we were interested in studies that were broadly 

representative of general populations.

1.2.3 Data Extraction and Quality Assessment

We abstracted estimates of association (odds ratios, relative risks, or hazard ratios) between 

DM and VTE, and their standard errors. When a standard error was not reported, it was 

derived from data provided in the article. Since VTE is relatively rare, odds ratios and 

hazard ratios were likely reasonable estimates of the relative risks (RRs)[9]. Thus, we 

represented and interpreted all effect estimates as RRs for this review.

In each included study, we sought to abstract the estimate with the most complete 

adjustments for potential confounders. We considered an effect estimate as adequately 

controlled for potential confounders if the study statistically adjusted for age, BMI, and race 

(or only involved primarily one race group, defined as a study population with ≥80% of a 

single race). Age, and BMI, and race were required as the minimal adjustment set because 

we considered them the most likely confounders of the association of DM with VTE, since 

they are established risk factors for VTE and associated with DM[10–17]. We queried 

corresponding authors to obtain missing information or results that were more fully adjusted. 

In the situation of multiple articles from the same study, the article that had the most 

complete adjustments for potential confounding was used.

1.2.4 Data Synthesis and Analysis

We tabulated the eligible studies and described their characteristics. We investigated the 

degree of heterogeneity in effect estimates between studies by generating three forest plots: 

One included all unique study samples, and the other two stratified by VTE type [provoked 

(defined as VTE occurring in a patient with an antecedent transient acquired risk factor for 

VTE) and unprovoked VTE]. Because of substantial qualitative and quantitative 

heterogeneity across studies, a random-effects[18] model was used to pool the effect 

estimates. We reported statistical tests for between-study heterogeneity: 1) An overall 

homogeneity test p-value from Cochran’s Q statistic[18] and 2) I2, a measure of the 

percentage of heterogeneity that was due to between-study differences, as opposed to 

sampling variation[19]. We considered statistical significance of Cochran’s Q statistic as a 

p-value of <0.1 due to the test’s low power[20]. We interpreted an I2 value of 25–50% as 

low heterogeneity, 50–75% as moderate heterogeneity, and ≥75% as high heterogeneity.

To assess potential publication bias, we generated a funnel plot[20] to provide a visual 

assessment of whether treatment effects were associated with study size (manifested as 

funnel plot asymmetry). We used a fixed-effects model to produce the funnel plot since 

results are less affected than random-effects when publication bias is present[20]. We also 

statistically checked for funnel plot asymmetry using the Begg[21] and Egger tests[22].

We ran meta-regressions to examine heterogeneity between studies by regressing the log RR 

on several pre-specified study characteristics: study design (case-control; cohort), level of 

confounding (controlled for age, BMI, and race; not controlled), and objective measurement 
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of DM (included glucose measurement; no glucose measurement). Because a fixed-effects 

meta-regression requires the strong assumption that all heterogeneity can be explained by 

the covariates in the model[23,24], we used a random-effects model[25]. The Knapp-

Hartung[26] variance estimator was used, as it produces a false-positive rate close to the 

nominal value of .05[23]. Therefore, statistical significance was considered p < 0.05 for the 

meta-regressions. We calculated ratios of RRs and their 95% CIs from the meta-regressions, 

which is a ratio of the average RR in studies with one characteristic to the average RR of 

studies with another characteristic. Within strata of the same pre-specified study 

characteristics, we also calculated a random-effects pooled RR, and corresponding 

homogeneity p-value and I2.

We performed sensitivity analyses, omitting one study at a time to assess the influence of 

any single study on the pooled estimate. All statistical analyses were conducted using Stata 

software, version 12.1.

1.3 Results

We identified 2,224 publications through PubMed, 389 through CINAHL, and 1,727 

through Web of Science (these numbers include overlap). Of these publications, eight 

publications met the inclusion criteria[4,5,27–32] (See supplemental Figure S1 for flow 

diagram and supplemental Table S1 for exclusion log). We further identified 8 

publications[3,6,7,33–37] through manual review of reference lists of eligible articles and 

review articles[1,2,38–42]. Additionally, we obtained previously unpublished results from 3 

studies through querying experts (queried A.R.F. and P.L.L.) [de novo analysis: Reasons for 

Geographic and Racial Differences in Stroke (REGARDS) Study [43]; re-analysis with 

additional follow-up time: Cardiovascular Health Study (CHS)[44] and the Atherosclerosis 

Risk in Communities (ARIC) study[45]].

In all, 19 unique studies met the selection criteria for this review: 11 cohort studies and 8 

case-control studies. More-fully-adjusted RRs than originally published were obtained by 

author queries for 4 studies[6,27,30,34]. Supplementary Table S2 describes notable details 

of data abstraction from all studies, and analyses of unpublished data.

Tables 1 and 2 report the characteristics of cohort and case-control studies included in the 

review. Most studies (84%) were conducted in the United States or Scandinavia. Most 

(82%) of the cohort studies were population-based, whereas most (75%) of the case-control 

studies were hospital or clinic-based. The number of VTE events per study varied widely: 

from 38 to 2,137. Measurement of DM varied across studies, but just over half of studies 

relied on self-report only, while others used some variation of criteria including fasting or 

non-fasting glucose levels, physician diagnosis, oral glucose tolerance test, or use of DM 

medication. Notably, Sveinsdottir et al.[36] defined DM as fasting glucose ≥ 6.1 mmol/l, 

whereas many other studies that used fasting glucose defined DM as ≥ 7 mmol/l. One study 

did not specify its method of DM measurement[5]. No study specifically distinguished 

between type 1 and type 2 DM, but presumably studies contained mostly type 2, given that 

the vast majority of cases of DM in adults are type 2. Most (74%) studies relied on imaging 

techniques to measure VTE; the rest relied solely on International Classification of Diseases 
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codes. Just more than half of studies controlled for age, BMI, and race: Only 2 out of 19 did 

not control for age[4,46], 8 did not control for BMI[3–5,7,32,33,35,37], and 1 did not 

control for race[6] (Figure 1).

Comparing those with DM to those without, the pooled RR for VTE was 1.10 (95% CI: 

0.94–1.29) (Figure 1). Figure 1 encompasses all 19 unique studies; 17 used total (provoked 

plus unprovoked) VTE as the outcome, whereas 2 used unprovoked VTE only as the 

outcome[6,37]. Five studies also reported RR estimates for provoked VTE, and 8 for 

unprovoked. The pooled RR for provoked VTE only was 1.02 (95% CI: 0.75–1.39) 

(supplemental Figure S2), and for unprovoked was 1.03 (95% CI: 0.68–1.57) (supplemental 

Figure S3).

There were moderate levels of statistical heterogeneity in findings from the 19 unique 

studies of DM and VTE (I2=59.7%, Cochran’s Q p-value <0.0005), and between the 8 

studies of DM and unprovoked VTE (I2=66.1%, Cochran’s Q p-value = 0.004). We 

observed low to moderate levels of heterogeneity between the 5 studies of DM and 

provoked VTE (I2=45.5%, Cochran’s Q p-value = 0.12). To evaluate potential sources of 

heterogeneity, we conducted pre-specified subgroup analyses that compared the RR 

estimates for studies by study design, method of DM measurement, and level of control for 

potential confounding variables (supplemental Table S3). No significant differences in RRs 

were observed. Using all 19 studies, there was no indication of publication bias, as 

evidenced by non-significant Begg and Egger tests (p=0.12 and 0.25, respectively) and a 

relatively symmetric funnel plot (supplemental Figure S4).

Sensitivity analyses indicated that the REGARDS Study influenced the pooled estimate 

more than other studies (Figure 2). When we excluded the REGARDS Study, the pooled 

estimate increased slightly and just reached statistical significance [including REGARDS: 

1.10 (95% CI: 0.94–1.29; excluding REGARDS: 1.16 (95% CI: 1.01–1.34)]. Although there 

was less statistical heterogeneity after excluding REGARDS, some heterogeneity did remain 

[including REGARDS: I2=59.7%, Cochran’s Q p-value <0.0005; excluding REGARDS: 

I2=48.3%, Cochran’s Q p-value = 0.01].

1.4 Discussion

This systematic review and meta-analysis of published and unpublished studies suggests 

either no association or a very small positive association between DM and venous 

thromboembolism in the general population. Between-study heterogeneity was observed and 

not explained by study design, method of DM measurement, or level of adjustment for 

confounding. There was no evidence of publication bias.

The findings of our meta-analysis contradict two previous meta-analyses. Both estimated a 

1.4-fold increased risk of VTE for persons with diabetes compared to persons without[1,2]. 

However, the 2008 meta-analysis[1] did not account for age, BMI, or race as potential 

confounding variables to the diabetes-VTE relation, making results difficult to interpret. 

Potential confounding was also an issue in the 2014 meta-analysis[2]: Three quarters of the 

studies included did not adjust for BMI. For the present meta-analysis, we queried 
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corresponding authors of included studies that did not account for body size (n=11), asking 

for BMI-adjusted estimates. We received BMI-adjusted estimates for 4 studies. Three out of 

4 of these studies were included, without adjustment for BMI, in the 2014 meta-analysis; we 

wondered whether substituting the unadjusted for BMI-adjusted estimates would impact 

their results. It did: the 2014 meta-analysis reported a pooled effect estimate of 1.36 (95% 

CI: 1.11–1.68) for analyses restricted to high-quality cohort studies, but when we substituted 

the 3 more fully-adjusted estimates, the positive association decreased to 1.24 (95% CI: 

0.96–1.61), and lost statistical significance (Details of analysis in supplemental Table S4).

A sensitivity analysis indicated that the REGARDS Study was highly influential. The 

REGARDS Study - a large, prospective cohort study of whites and African Americans 

across the United States - reported an inverse association between DM and VTE [0.65 (95% 

CI: 0.46–0.91)]. The surprising inverse association could be at least partly explained by 

REGARDS’ VTE ascertainment methods, which possibly led to biased ascertainment of 

VTE. REGARDS predominantly captured VTE events through participant report; 

participants were queried in 2010–11 about past VTE events (as far back as 2003)[43]. 

Similar questionnaires have 98% specificity and >70% sensitivity for ascertaining VTE[47]. 

Then, medical records were retrieved so that potential VTE events could be validated. 

Notably, not all records could be retrieved, and the retrieval rate differed by race (79.5% 

overall retrieval rate, 72% among African Americans, 85% among whites)[43]. Thus, VTE 

ascertainment in REGARDS was not complete, and it is difficult to know how factors 

associated with under-ascertainment might bias an association between DM and VTE.

There is methodologic variation in the measurement of DM and VTE across studies. Many 

studies rely on self-reported DM, which is a specific (95.6% to 96.8%, depending on the 

reference definition), but not sensitive (58.5% to 70.8%) measure of DM[48]. As this DM 

misclassification does not likely differ by VTE status, we expect this misclassification to 

drive estimates of the DM-VTE relation towards the null. Some studies rely solely on 

International Classification of Diseases codes to measure VTE; previous work comparing 

VTE codes to medical records has found the codes to be reasonably valid indicators of VTE 

hospitalization[49].

We chose to examine the relation between DM and VTE because DM has been proposed as 

a risk factor for VTE, the theoretical mechanism being that hyperglycemia contributes to 

elevated coagulation factors, impaired fibrinolysis, and increased likelihood of 

thrombosis[40,50]. Indeed, laboratory evidence suggests that high glucose levels 1) increase 

oxidative stress, which in turn increases gene transcription of coagulation factors; 2) degrade 

the glycocalyx layer of the endothelial wall, which releases coagulation factors and 

stimulates the coagulation cascade; and 3) increase glycation of proteins involved in 

coagulation and fibrinolysis, shifting their activity towards a procoagulant state[40]. 

However, our findings suggest that DM is unlikely to play a major role in VTE 

development.

This review extends the current literature, particularly since we included three large, 

unpublished data sources and more comprehensively accounted for potential confounders of 

the DM-VTE relation. Our review and analysis also has limitations that warrant discussion. 
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We observed substantial qualitative and quantitative heterogeneity across studies, but could 

not explain it. Future research should attempt to pinpoint sources of heterogeneity; an 

individual participant data meta-analysis would be a particularly good design to explore 

heterogeneity, as this would remove heterogeneity from analyses, and meta-regressions 

could use patient-level (as opposed to study-level) data. And, finally, this review drives 

home the importance of accounting for potential confounding variables when examining the 

relation of DM with VTE, especially BMI. Notably, biases of the effect estimates likely 

remain even under our definition of an “adequately controlled” effect estimate. These biases 

were probably related to methods of measurement (e.g., estimating BMI using self-report 

versus direct measurement) and modeling (e.g., modeling age as bands versus continuous) 

variables. Incomplete control of confounding of a DM-VTE relation by BMI and age would 

likely bias an estimate upwards. Other VTE risk factors (e.g.: age, race, cancer, hormone 

therapy, oral contraceptives, smoking, sex, and pregnancy) also deserve consideration as 

confounding variables in future investigations of the relation between diabetes and VTE.

In conclusion, this literature-based meta-analysis supports a very modest positive or no 

association of DM with VTE risk in the general population. DM is unlikely to play a major 

role in VTE development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Forest plot of study-specific and pooled relative risks (95% CIs) for venous 

thromboembolism, comparing those with DM to those without DM.

Each study is represented by a square and a horizontal line, which represents its relative risk 

and corresponding 95% CI, respectively. The area of the square is proportional to the weight 

of the study in the pooled analysis. The studies are sorted by weight in the plot and study 

design. The pooled random-effects estimate and its 95% CI are represented by a dashed 

vertical line and diamond. The vertical line at 1.0 indicates no effect of DM on venous 

thromboembolism risk. The table on the right side of the figure indicates whether the study-

specific relative risks were controlled for potential confounding variables. *A more-fully-

adjusted relative risk than originally published was obtained as a result of author query. 

†Study primarily involved on race-group, making statistical adjustment for race 

unnecessary.
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Figure 2. 
Meta-analysis estimates and 95% confidence intervals, omitting one study at a time to assess 

the influence of any single study on the random-effects pooled estimate. The dashed vertical 

line at 1.0 indicates no effect of diabetes on venous thromboembolism risk.
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